1.. INTRODUCTION
================

Osteoarthritis (OA) is the most common joint disease in the world ([@ref1]). It brings individual and societal consequences in terms of musculoskeletal pain, disability and socioeconomic costs ([@ref2], [@ref3]). This degenerative disease substantially affects weight-bearing joints, so in case of knee OA patients suffer from pain and function impairments that prevent them to participate in activities of daily living ([@ref4]) and participate in work ([@ref5]).

At the end stage of the disease, usually when patients cannot handle the pain anymore, the knee replacement surgery is the most common and effective treatment to reduce pain and improve functionality. Total knee replacement, also called total knee arthroplasty (TKA), is a surgical procedure whereby the diseased knee joint is replaced with artificial material.

Resurfacing a knee relieves the patient's pain, stiffness and range of motion. However, high prevalence of persistent mild and infrequent pain after TKA has been reported, and 15% suffers from severe pain at 3-4 years after the surgical procedure ([@ref6]). Moreover, during the first years after TKA, patients have worse knee function than age-matched subjects ([@ref7], [@ref8]). Quadriceps strength decreased by 60% and activation decreased 17% after TKA ([@ref9]).

Together with the age-related loss of muscle mass and the epidemic of obesity, the risk of disability increases, and therefore the surgical procedures are also likely to increase worldwide ([@ref10]). Existing evidence regarding the significance of body mass index (BMI) and preoperative exercise (prehabilitation) for patients undergoing total knee arthroplasty are still controversial. However, it was found that the preoperative quadriceps strength is strong predictor of functional performance one year ([@ref11]) and two years after the TKA ([@ref12]).

A recent systematic review and meta-analysis suggests that prehabilitation programs provide small-to-moderate improvements that vary by joint (hip or knee) ([@ref13]). In patients undergoing knee replacement, preoperative exercise showed better postoperative function, quadriceps strength and shorter length of stay, while not significantly less pain, what was present in the total hip replacement.

Large part of the literature still fails in showing clear benefits after these programs ([@ref14]-[@ref18]).

Analyzing the studies regarding the prehabilitation period prior to surgical procedure of total knee replacement, we conclude that the preoperative training period typically lasts between 4 to 8 weeks, in some studies also 2 weeks ([@ref13]). During this period of time, Folland et al. proved that muscle strength increases due to neural adaptations rather than hypertrophy ([@ref19]).

Moreover, a study showed that the conventional exercises made low levels of neuromuscular activation (\<35%) ([@ref20]). In the study, only a few of many different conventional exercises were observed, and that might be one of the limitations. The highest level of neuromuscular activation (67%-79%) was observed during the open kinetic chain resistance exercises (isolated knee extension and hamstring muscle curl). This study concluded that heavy resistance exercises should be included in the rehabilitation programs, in order to activate sufficient levels of neuromuscular activation which leads to stimulation of the muscle growth and strength. This is important especially when the goal is to improve muscle strength during a few weeks only. A major goal for orthopedic surgeons and rehabilitation specialists is to regain muscle strength ([@ref21]).

Total knee arthroplasty corrects instability and deformity of the knee joint ([@ref22]). Despite constant attempts to improve the prosthesis design ([@ref23], [@ref24]), surgical procedures and postoperative rehabilitation ([@ref25]), TKA rarely allows full range of motion (ROM) with flexion of more than 120°. It is obvious that with a postoperative ROM between 100° and 120°, most activities of daily living can easily be performed ([@ref26]).

Although some patients have expectations to perform flexion 140°-150°, what is essential for various religious, cultural ([@ref27]) and athletic activities, and daily activities such as taking a bath and gardening ([@ref28]).

However, stiffness after total knee arthroplasty, defined as flexion less than 90° 1 year postoperatively, has been reported to be 3.7% ([@ref29]).

In 2012, Matassi et al. stated that preoperative ROM is the most decisive regarding the final flexion after TKA ([@ref30]). It seems logical that greater preoperative ROM helps to maximize flexion after TKA, although it is not clearly proven which exercises are most effective.

Additionally, pain due to OA leads to restricting knee movements. Patients are therefore vulnerable to gain weight. Most of candidates undergoing the knee replacement are overweight ([@ref31]). Obesity is associated with increased risks of short- and long- term complications, and thus higher costs due to surgical procedures, both primary and revision cases. Moreover, decreased functional results are associated with obesity. Consequently, orthopedic surgeons advise their patients to lose weight and prepare physically prior to surgical procedure. Losing weight and/or better preoperative health status (greater physical function and strength) are strong predictor of good postoperative outcome following TKA.

There are different scores by which knee could be assessed. In this study, we used the Knee Society Clinical Rating System that was established in 1989 ([@ref32]), even though the new Knee Society Scoring System was published in 2011. The knee scoring system we used in our study is subdivided into a knee score that rates only the knee joint itself and a functional score that rates the patient's ability to walk and climb stairs.

The Knee Society Clinical Rating System from 1989 was simple, but objective scoring system to rate the patient's knee and functional abilities ([@ref32]). The new Knee Society Scoring System is more complex, and in order to be used, a license is needed. It is validated and responsive method for assessing objective and subjective outcomes after total and partial knee arthroplasty, without ambiguities of the prior scoring system. Patients have different expectations, demands, and functional requirements than those of prior generations who underwent knee arthroplasty.

2.. AIM
=======

Aim of article was to investigate the effect of prehabilitation on postoperative outcome and compare the results of the intervention with the control group.

3.. MATERIAL AND METHODS
========================

This prospective study included 20 patients with a diagnosis of gonarthrosis, aged 48-70, who were randomly allocated to either the intervention group or control. Ten patients (intervention group) underwent a 6-week home-based exercise program before the TKA surgery. All patients were assessed by Knee Score (KS), Function Score (FS), and Body Mass Index (BMI) according to the following schedule: 6 weeks before surgery (for intervention group it meant before the prehabilitation program), just prior to surgery (for intervention group it meant after the prehabilitation program), after the surgery, at 3^rd^ month, 6^th^ month, and 12^th^ month postoperatively. They were all operated by the same surgeon, for the primary total knee replacement (Zimmer NexGen Complete Knee Solution) at the Clinic for Orthopaedics and Traumatology, Clinical Centre University of Sarajevo, from October 2016 to June 2017.

Prehabilitation program consisted of 6 week home-based exercises: quadriceps strengthening, flexibility and resistance training. The exercises were shown to the patients, and they needed to make them 3 times per day for 6 weeks. Patients with systemic inflammatory disease, diabetes mellitus and concomitant lower extremity deformities were excluded from the study, as so the patients who could not tolerate protocol of preoperative and postoperative treatment. Patients were obliged to get the approval status by the internal medicine specialist, where should be written that the patient has no contraindications for the surgical procedure.

Knee replacement surgery was performed via anterior mid line skin incision and medial parapatellar incision with fixed bearing cemented retaining knee prosthesis sacrificing cruciate ligaments--primary case. Until the day of discharge, according to the standard clinic protocol, all patients performed isometric and isotonic quadriceps exercises, exercises for the range of motion and walking up and down stairs. The day after surgery all patients were mobilized with full weight bearing via two crutches. All patients were allowed to walk without crutches 6 weeks after the operation.

Detailed information on surgical interventions was provided to all patients. An informed consent regarding all procedures was signed by all patients. They were advised not to gain weight prior and after the surgical procedure, take care about the diet, although these processes could not be fully controlled.

4.. RESULTS
===========

The study included 20 subjects, equally divided into two groups: with prehabilitation program (n=10; 3 males, 7 females) and without prehabilitation program (n=10; 3 males and 7 females). Patients were similar age--male subjects (6; 30%) had a median age of 59.0 ± 9.47 years while female subjects (14; 70%) had a median age of 59.7 ± 6.28 years.

Both groups (with prehabilitation program and without prehabilitation program) showed statistically significant increase in knee and functional score over time (p\<0.05), while there were no statistically significant changes in BMI (p\> 0.05) over time ([Figures 1](#figure1){ref-type="fig"}, [2](#figure2){ref-type="fig"}, [3](#figure3){ref-type="fig"}).

Both groups had a similar KS 6 weeks before surgery (36.20±7.52 vs. 35.60±5.48; p=0.841). In the next 4 measurements, the intervention group had a statistically higher knee score compared to the control group (p\<0.05). In the intervention group, KS just before the surgery was 46.40±8.00, postoperatively KS was 66.70±6.83, three months postoperatively KS was 76.70±6.83 and six months postoperative KS was 79.10±6.97, while in the control group KS just before surgery was 35.70±5.58, postoperatively KS was 47.90±6.89, 3 months postoperatively KS was 57.90±7.05 and 6 months postoperatively KS was 69.10±7.34. However, 12 months postoperatively, KS was similar between groups (80.20±7.07 vs. 75.30±4.88; p=0.09).

Both groups had a similar FS in all measurements, except just before surgery, where group the intervention group had a significantly higher FS compared to the control group (40.50±7.25 vs. 29.50±7.25; p=0.003). In the first measurement (6 weeks before surgery) FS was 32.50±7.91 in the intervention group vs. 29.50±7.25 in control group, p=0.338. Postoperatively FS was 42.50±7.91 in intervention group and 39.50±7.25 in control group, p=0.388. 3 months postoperatively FS was 68.00±2.58 in first group vs. 67.50±2.64 in second group, p=0.673. 6 months postoperatively FS was equal in both groups (p=1.00), FS was 77.50±2.64. 12 months postoperatively FS was 92.00±4.22 in the intervention group vs. 90.00±0.00 in control group, p=0.151.

5.. DISCUSSION
==============

Different studies used different scoring systems in order to evaluate the effect of preoperative exercises on postoperative outcome ([@ref13]). Outcome could be measured by WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index), Knee Society Clinical Rating System, LOS (Length of Stay), VAS (Visual Analog Scale for pain), etc. A systematic review and meta-analysis published in 2017 suggest that prehabilitation programs provide small-to-moderate improvements that differ by joint ([@ref13]). In patients undergoing Total Hip Arthroplasty, significant improvements were observed for pain, function, and length of stay. On the other hand, in patients undergoing Total Knee Arthroplasty, significant improvements were observed for function, quadriceps strength, and length of stay.

In 2012, Matassi et al. proved that preoperative exercise program is beneficial on short-term postoperative recovery after TKA, and it helps patients to reach 90° of knee flexion earlier ([@ref30]). They demonstrated that after 6 weeks of training, there was a significant improvement (p\<0,0001) of passive and active flexion, extension and knee score for the intervention group. No difference for the function score was detected. Furthermore, there was no evidence for an effect of exercise on the knee score or function score, measured by the same rating system as we did--Knee Society Clinical Rating System.

In 2017, Calatayud et al. described that high-intensity strength training during preoperative period reduces pain and improves lower limb muscle strength, ROM and functional task performance before surgery, resulting in a reduced length of stay and a faster physical and functional recovery after TKA ([@ref1]).

In 2015, Skoffer et al. stated that supervised preoperative PRT (progressive resistance training) is an efficacious and safe intervention for improving postoperative functional performance and muscle strength, but improvements in patient-reported outcomes were not detected ([@ref33]). Patients who are about to get the TKA are less active and their BMI is usually higher. It is obvious that inactivity leads to decrease in range of motion and those patients have more difficult post-surgery time and rehabilitation. In our study, it was shown that the prehabilitation plays an important role for the better post-operative outcome after primary total knee arthroplasty.

There were similar values of KS, FS and BMI between the intervention and control group, 6 weeks before surgery, meaning that the groups were pretty similar regarding these variables. However, the intervention group made an increase in Knee Score prior to surgery and that is crucial, because the rehabilitation is easier when muscles are stronger and more activated. Surgery is a stress to the organism, and if we get not ready for the procedure, the post-operative outcome does not go the way we want. Although at the later stage, more exactly 12 months postoperatively, the differences between the two groups decreased.

Future clinical trials should have a standardized regimen of seeking the outcomes (meaning which outcome are we looking for and at which time points). After that, the treatment methods (exercises and educational program) should be evaluated in order to improve post-operative patient's expectations, and clinical signs ([@ref13]).

6.. CONCLUSION
==============

Our study proves statistically significant difference for Knee and Function Score between the intervention and control group in testing time: just before surgery--meaning that KS and FS increased after the prehabilitation program (6 weeks home-based exercise program).

Knee Score was significantly different between the two observed groups postoperatively, 3 months postoperatively and 6 months postoperatively, while the Function Score was not significantly different in that period. Preoperative home exercises provide better preoperative KS and FS, and better Knee Score up to 6 months postoperatively. However, 12 months postoperatively there was no significant difference between the intervention and control group for the Knee and Function Score.

To sum up, prehabilitation brings significant difference regarding the Knee Score in favor of the intervention group preoperatively and 6 months postoperatively.
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![The trend of the Knee Score increase over time (6 weeks before surgery up to 12 months after surgery) is presented in both groups. In both groups, there was a statistically significant increase in knee score (p\<0.05) over the displayed period of time. 6wBS--6 weeks before surgery, JBS--just before surgery, AS--after surgery, 3mAS--3 months after surgery, 6mAS -- 6 months after surgery, 12mAS--12 months after surgery](medarch-72-439-g001){#figure1}

![The trend of the Functional Score increase over time (6 weeks before surgery up to 12 months after surgery) is presented in both groups. In both groups, there was a statistically significant increase in Functional Score (p\<0.05) over the displayed period of time. 6wBS--6 weeks before surg ery, JBS--just before surgery, AS--after surgery, 3mAS--3 months after surgery, 6mAS -- 6 months after surgery, 12mAS--12 months after surgery](medarch-72-439-g002){#figure2}

![The trend of BMI score increase over time (6 weeks prior to surgery up to 12 months after surgery) is presented in both groups. In both groups, there were no statistically significant changes in BMI (p\> 0.05) over time. 6wBS--6 weeks before surgery, JBS--just before surgery, AS--after surgery, 3mAS--3 months after surgery, 6mAS -- 6 months after surgery, 12mAS--12 months after surgery](medarch-72-439-g003){#figure3}

###### Mean values (mean±SD) for Knee Score, Functional Score and BMI in intervention and control group.

  --------------------------------------------------------------------------------------
                                         Intervention group\   Control group\   test
                                         n=10                  n=10             
  ------------------------- ------------ --------------------- ---------------- --------
  Testing time              Variable     Mean±SD               Mean±SD          t-test

  6 weeks before surgery    Knee Score   36.20±7,52            35.60±5,48       0.841

  Function Score            32.50±7,91   29.0±7,25             0.338            

  Body Mass Index           27.12±2,11   27.15±1,67            0.972            

  Just before surgery       Knee Score   46.40±8,00            35.70±5,58       0.003

  Function Score            40.50±7,25   29.50±7,25            0.003            

  Body Mass Index           27.02±2,07   27.20±1,70            0.834            

  After surgery             Knee Score   66.70±6,83            47.90±6,89       0.0001

  Function Score            42.50±7,91   39.50±7,25            0.388            

  Body Mass Index           27.19±2,04   27.30±1,71            0.898            

  3 months after surgery    Knee Score   76.70±6,83            57.90±7,05       0.0001

  Function Score            68.00±2,58   67.50±2,64            0.673            

  Body Mass Index           27,40±2,08   27,45±1,66            0,953            

  6 months after surgery    Knee Score   79.10±6,97            69.10±7,34       0.006

  Function Score            77.50±2,64   77.50±2,64            1.00             

  Body Mass Index           27.50±2,11   27.63±1,72            0.881            

  12 months after surgery   Knee Score   80.20±7,07            75.30±4,88       0.09

  Function Score            92.00±4,22   90.00±0,00            0.151            

  Body Mass Index           27.72±2,11   27.63±1,83            0.920            
  --------------------------------------------------------------------------------------
